Experimental Section
1,1-di(pyridin-2-yl)-N,N-bis(pyridin-2-ylmethyl)ethan-1-amine (MeN4Py), [1] [(N4Py)Fe II (CH3CN)](ClO4)2 (1), [2] and [(MeN4Py)Fe III (OCH3)](ClO4)2 (2), [1] were prepared by previously reported procedures. Commercially available chemicals were purchased from Sigma Aldrich without further purification. All solvents used for spectroscopy were of [3] in water with added LiClO4.
A single crystal of compound 3 was mounted on top of a cryoloop and transferred into the cold nitrogen stream (100 K) of a Bruker-AXS D8 Venture diffractometer. Data collection and reduction was done using the Bruker software suite APEX3. [4] The final unit cell was obtained from the xyz centroids of 9752 reflections after integration. A multiscan absorption correction was applied, based on the intensities of symmetry-related reflections measured at different angular settings (SADABS). The structures were solved by direct methods using SHELXS, and refinement of the structure was performed using SHLELXL. The hydrogen atoms were generated by geometrical considerations, constrained to idealised geometries and allowed to ride on their carrier atoms with an isotropic displacement parameter related to the equivalent displacement parameter of their carrier atoms. The structure was refined as a two-component inversion twin. Crystal data and details on data collection and refinement are presented in Table S1 Physical methods UV-vis absorption spectra were recorded with a Specord 600 (AnalytiJena) spectrometer in 1 cm path length quartz cuvette. ESI mass spectra of complexes were recorded on a Triple Quadrupole LC/MS/MS mass spectrometer (API 3000, PerkinElmer Sciex Instruments). Electrochemical measurements were carried out by a model CHI760B Electrochemical workstation (CH Instruments) in acetonitrile with 0.1 M TBAPF6, a 3 mm diameter Telflonshrouded glassy carbon, a Pt wire, and an SCE electrode, were used as working, counter and reference electrode, respectively. EPR (X-band, 9.46 GHz) were recorded on a Bruker ECS106 spectrometer in liquid nitrogen (77K).
Samples (0.4 mL), monitored by UV-vis absorption spectroscopy, were flash frozen in liquid nitrogen. FTIR spectra were recorded using a UATR (ZnSe) with a Perkin Elmer Spectrum400, equipped with a liquid nitrogen cooled MCT detector.
Raman spectra were recorded at exc 785 nm using a Perkin Elmer Raman Station at room temperature. Raman spectra at 355 nm (10 mW at source, Cobolt Lasers) were acquired in a 180° backscattering arrangement. Raman scattering was collected by a 2.5 cm diameter plano convex lens (f = 7.5 cm). The collimated Raman scattering passed through an appropriate long pass edge filter (Semrock) and was focused by a second 2.5 cm diameter plano convex lens (f = 15 cm) into a Shamrock500i spectrograph (Andor Technology) 2400 L/mm grating blazed at 300 nm, respectively, acquired with an iDus-420-BU2 CCD camera (Andor Technology). The spectral slit width was set to 12 μm. Data were recorded and processed using Solis (Andor Technology) and Spectragryph with spectral calibration performed using the Raman spectrum of acetonitrile/toluene, 50:50 (v/v).
Irradiation Typically 2 mL of 1-3 (0.125 mM) in solvent were purged with Ar in a 1 cm pathlength cuvette for 5 min before irradiation to remove oxygen. [5, 6] Quantification of formaldehyde formation. Formaldehyde was quantified [7] colourimetrically. 0.5 mL of reaction solution was diluted with H2O by between 10 to 20 times (depending on the expected final absorbance) and 1 mL of the diluted solution was mixed with 1 mL of the reagent solution {NH4OAc (15 g, 0.19 mol), acetic acid (0.3 mL, 5.4 mol) and pentane-2,4-dione (0.2 mL, 1.9 mol) in 100 mL water}. Standard solutions were prepared with known concentrations (0.125, 0.25, 0.5, 1.0, and 2 mM) containing formaldehyde and 0.5 mL of these solutions mixed with 0.5 mL of H2O and 1 mL reagent solution. Samples were held at 31
• C in a temperature controlled cuvette holder and monitored by UV-vis absorption spectroscopy, until the absorbance at 412 nm did not increase further. The concentration of formaldehyde in the reaction mixtures was calculated from the calibration curve obtained.
Computational details All DFT calculations were performed with the Amsterdam Density Functional (ADF) suite of program (unless otherwise indicated). [8, 9] MOs were expanded in an uncontracted set of Slater type orbitals (STOs) of triple-zeta quality containing diffuse functions and two sets of polarization functions(TZ2P). [10] Full electron basis sets were used in all calculations. An auxiliary set of s, p, d, f, and g STOs were used to fit the molecular density and to represent the Coulomb and exchange potentials accurately for each SCF cycle. Geometries were optimized until the maximum gradient component was less than 5·10-4 a.u. (default value is 10-3 a.u.). Energies and gradients were calculated using the several density functional approximations (DFAs) based on generalized gradient approximation, GGA (BP86, [11, 12] OPBE, [13, 14] PBE, [15, 16] PW91 [15, [17] [18] [19] and S12g [20] ), hybrid DFAs (B3LYP, [21] PBE0 [22] and S12h [20] ), meta-GGA DFAs(M06-L [23, 24] and TPPS [25] ) and metahybrid DFAs (M06 [24] and M06-2X [24] ). Since S12g DFA gave by far the best structural data, all further electronic structure calculations were performed with this level of theory, with
Becke grid [26, 27] numerical accuracy of verygood quality. COSMO [28] [29] [30] dielectric continuum model was used for implicit treatment of the environment (with acetonitrile as a solvent). [31, 32] Scalar relativistic corrections have been included selfconsistently by using the zeroth-order regular approximation (ZORA). [33] [34] [35] The nature of the stationary points is confirmed by calculating analytical Hessians, with S12g/COSMO level of theory. 
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Comments on the solution chemistry of complexes 2 and 3
The similar photoreactivity observed for 2 and 3 (and 1) is unsurprising considering that they all show essentially identical UV-vis absorption spectra in methanol, as well as S = ½ EPR signals (X-band, at 77 K) at g = 2.29, 2.12, 1.98
( Figure S 8 [37] which is less positive than that of the [(L)Fe III /Fe II -CH3CN] couple (1.1 V vs SCE). [1] The ligand exchange reactions are summarized in Scheme S 1.
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Figure S 8. UV-vis absorption spectra of 2 (left) and 3 (right) in methanol; X-band EPR spectra at 77 K are shown as insets. 
Discussion of Computational studies and details of methods and data
The performance of 12 density functional approximations (DFAs , Table S3 ) indicated that S12g [20] was most appropriate to describe structural parameters in the present systems. Inspection of the electronic structure of the -oxido bridged dinuclear complex 2a and all accessible spin states, revealed an antiferromagnetically coupled ground state (Table S4 ), in accordance with the experimental data. [2] Inspection the ground state of In excited states one of the Fe-O bond was elongated, due to loss of the equivalence of the formerly coupled Fe III centres. In the "spin-allowed" charge transfer excitations, charge density changed in the expected manner (assessed by Mulliken and MDC population analysis). The charge spin density was consistent with the (S=2, S=2) charge transfer state obtained and overall these data indicate that "spin-allowed" charge transfer excitation has a clearly dissociative character.
Geometry was optimized with 12 DFAs (BP86, OPBE, PBE, PW91, S12g, B3LYP, PBE0, S12h, M06-L, TPPS, M06
and M06-2X). In the absence of a crystal structure for the dinuclear complex 2a the geometries obtained where compared with [(N4Py)Fe III (-O)Fe III (N4Py))](ClO4)2. [2] that differ only by the absence of methyl group. The results are summarized in Table S3 , and indicated that S12g yielded the best structural parameters with smallest MAE and LE.
Given the track record of S12g in calculation of spin state energetics, [38] all further electronic structure calculations were performed with this level of theory. Sequence numbers of first coordination sphere, and bond lengths from the crystal structure, in order to facilitate the analysis of Table S3 , the C2h symmetry of 2a requires only the upper part to be shown. In addition, bonds that are symmetrically identical (Fe1-N3 and Fe1-N28; Fe1-N4 and Fe1-N29). All the initial test calculations indicated that the spin state of 2a is a singlet obtained by antiferromagnetic coupling of two Fe(III) high spin states. Since S12g shows excellent performance for spin state energetics and it provides the optimized geometries that were the closest to the available crystallographic data, the detailed analysis of the close lying spin state was performed with this level of theory. The results are given in Table S4 . Since there is a discussion in the literature as to the energy of the BS that should be used as a singlet state or should projective methods be applied, [39] [40] [41] [42] both results are given. Inspection of the table indicates that the only state that is close in energy to ( 5 /2, 5 /2;BS) state is a triplet state originating from two ferromagnetically coupled low spin Fe(III) centers. To further test the two close lying candidates for the ground spin state, we compared the triplet state geometry with experimentally obtained structure, Table S3 . The agreement was poor, with large deviations in bond lengths.
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Spin states of 2a
Dissociated products' spin states
In order to examine the electronic structure of all possible dissociation products (LFe(III)O + LFe(III) and LFe(IV)O + LFe(II)) with and without explicit coordination of CH3CN solvent molecules, we calculated all available spin states for each structure separately. The results are given in the Tables S5-S10. LFe(IV)O is in the triplet and LFe(III)O is in the quartet ground state, while LFe(III) and LFe(II), with and without the coordinated of CH3CN are in low spin ground state. 
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Dissociation thermodynamics
After calculation of the spin ground state of dissociation products, we examined the thermodynamics of dimer dissociation. The electronic energies and Gibbs free energies for the pathways with and without coordination of CH3CN are given in Tables S11-S14. Inspection of the results demonstrates that both dissociation are stabilized by a solvent coordination by ~30 kcal/mol and that LFe(IV)O + LFe(II) charge transfer path is substantially more favorable. It is also important to notice that, when coordination of CH3CN is explicitly included, both dimer and monomers are very close in energy. 
Broken Symmetry solution
The magnetic behavior of coupled, spatially separated, local spins is commonly modeled using phenomenological Heisenberg-Dirac Hamiltonian, [43] that reduces complicated quantum mechanical problem to a simplified description in terms of spin degrees of freedom only. For a system that consist of two metal (or radical) centers it can be written as: J is by mapping differences in calculated total energies from electronic structure calculations onto the spin-states from eq. 1. [44] The problem arises from the fact that only the ferromagnetically coupled (SMAX=SA+SB) state can be properly described by one Slater determinant. This instantly leads to the conclusion that multideterminental methodologies that are based on configuration interaction, [45, 46] should be used. Unfortunately, such methodologies are usually too computationally demanding to study the large di-and poly nuclear TM complexes, or even the relatively small systems with many unpaired electrons (such as "small" Fe(III)-Fe(III) dimers) are currently unfeasable. [43] Another drawback is the fact that these systems often possess considerable dynamical correlation, which makes the accurate calculations even more difficult.
Although the DFT offers appreciable accuracy at manageable computational scaling, it cannot rigorously describe multideterminantal states. Noodleman's suggestion [47, 48] was the approach called the broken-symmetry (BS), that represent multideterminental states with only one "antiferromagnetically coupled" slated determinant. For example, correct spin function for two unpaired electrons on sites A and B can be constructed using Clebsch-Gordan coefficients, and is given below:
  S (this approach breaks the spin symmetry, hence the name broken-symmetry). One of the artifacts that comes as a consequence of this is the appearance spin density on sites A and B, although the real singlet state should have spin density equal to zero in any point. [49, 50] The key step of the methodology is that orbitals are allowed to relax from the starting form under the action of the variational principle. [43, 51] Thus, system is given the additional variational flexibility to lower its energy, and the ground state is formed variationaly as a mixture of ferromagnetic state and singlet stats generated by charge-transfer (ionic states). [43, 51] Although this process is essentially similar to CI, the BS formalism does not have enough flexibility and it can only mix single determinant ferromagnetic and ionic states, 
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All the BS Slater determinants can be interconverted by simple one or multi electron excitations in the same localized d orbital framework (followed by a variational orbital relaxation). In other words, the approximations we use in order to describe multideterminental spin states originating from coupling of two distant spin centers can be obtained by simple electron excitations in the same localized manifold.
Figure S 29.
UV-vis absorption spectrum of 1 (0.125 mM) in methanol after 3 h irradiation under aerobic conditions and after addition of 10 vol% acetonitrile (red).
